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Quantification of Left Ventricular Function by
Applying Signal Averaging to Echocardiographic
Automated Border Detection
Victor Mor-Avl, Inger E. Gillesberg, Claudia Korcarz, Joanne Sandelski, Roberto
M. Lang. The University of Chicago, Chicago IL
Results: 1) The correlation between M-mode and raw AQ was 0.86, vS.
0.95 between M-mode and FF (p < 0.0011. 2) The number of reversals per
cycle was 13 ± 3.5 for AQ vS. 3.1 ± 3 for FF (p < 0.001).
Conclusion: By eliminating high frequency noise from the echocardio-
graphic AQ images, spatiotemporal Fourier filtration provides a more accu-
rate representation of the endocardial edge motion.
and balloon angioplasty (n = 21). The system provided excellent images in
all patients. Since the spatial geometry of the stents was known the reli-
ability of the three-dimensional images could easily be proven. Dissection
membranes, plaques and vessel takeoffs were clearly visualized in their spa-
tial orientation, and the effect of interventions could be demonstrated in all
cases. Major problems arise from tortuous vessels with regionally reduced
original image quality and from surface definitions by user dependent set-
tings of the noiselthreshold level.
Conclusion: Real-time three-dimensional reconstruction of the coronary
arteries is possible and extends future application of intravascular sonogra-
phy.
Shalabh Chandra, Mario J. Garcia, Annitta Morehead, James D. Thomas. The
Cleveland Clinic Foundation, Cleveland, OH
The acoustic quantification technique for automated detection of endocar-
dial boundaries currently provides continuous left ventricular (LV) area or vol-
ume signals and beat-to-beat ejection fraction. However, due to displace-
ment of the heart relative to the predefined region of interest, gain settings
may become inappropriate, resulting in a distortion of individual waveforms
and a wide beat-to-beat variability. To circumvent these limitations, we devel-
oped an algorithm for the evaluation of LV function using signal averaging,
based on the stochastic sign change as a criterion for temporal beat align-
ment and rejection of artifacts. Left ventricular area signals obtained from
the short axis view at the mid papillary muscle level in 8 normal subjects
were digitized over a period of 100 sec and subjected to signal processing.
End-diastolic and end-systolic area, stroke area and fractional area change
were measured directly from the average waveform. Peak ejection and peak
filling rates, and time to peak filling rate were obtained from the time deriva-
tive of the average waveform. The proposed algorithm was initially evaluated
by studying the variability in the above parameters caused by different tem-
plate waveform selections and different averaging threshold settings, which
Automated detection of endocardial borders by 2-D echocardiography can
be useful for the assessment of regional wall motion. Although Acoustic
Quantification (AQ) currently provides on-line endocardial edge detection,
the presence of high frequency noise in AQ images limits its utility for this
purpose. We propose that spatiotemporal Fourierfiltration (FF) of AQ images
may improve signal-to-noise ratio and enhance accuracy of analysis of endo-
cardial motion. Methods: We stored digitally the 2-D AQ echocardiographic
images obtained from the parasternal short axis view in 10 study subjects.
These were processed using a stepwise computer algorithm that included
smoothing using FF with spatial and temporal cutoff of 10 and 5 harmonics,
respectively. We tested the accuracy of the FF against the raw AQ images by
1) comparing the vertical axis diameters of the raw AQ and FF images with
the measurements obtained from digitized M-Mode tracings, and 2) count-
ing the number of LV internal diameter reversals during each cardiac cycle
along the vertical and horizontal axis. Five successive frames of endocardial
borders from a loop of raw AQ and after FF are superimposed below.
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Automatic Identification of Calcified Regions on
Intravascular Ultrasound Images of Human
Coronary Arteries Using Texture Analysis
Real-time Three-dimensional Intracoronary
Ultrasonography: High Resolution Dynamic
Images of Coronary Artery Lesions
Wolfgang Fehske, Luciano Pizzulli, Andreas Hagendorff, Berndt Luderitz.
Department of Cardiology, University of Bonn. Bonn, Germany
myocardium may be different from the infarcted myocardium; however, clin-
ical studies are still rare. In order to investigate the relationship of texture
properties of the infarcted myocardium and patency of infarct-related artery
(IRA). we have developed the computer program for tissue characterisation
of echocardiographic images.
The program uses spatial gray level cooccurrence method for texture char-
acterization to compare tissue samples taken from normal and infarcted ar-
eas of myocardium. The program is menu driven and has two main operating
modes: auto-diagnose mode and user-diagnose mode. In the auto-diagnose
mode, after the decision making procedure that incorporates human expe-
rience and knowledge, the program gives the prediction of future recovery.
In the user-diagnose mode, the program provides numerical and graphical
presentation of obtained results, and may be used as an analysis tool during
echocardiographic examinations.
The program runs under MS-DOS or Microsoft Windows on IBM 386/486
compatibles. It accepts ultrasound images stored on disk by commercial
frame grabbers. As an inputto the algorithm, the user selects two areas to be
analyzed: a normal one and an infarcted one. Output data can be transferred
to Windows based spreadsheet or database programs using Clipboard fea-
ture.
The validation study compared two groups of pts after acute myocardial
infarction examined before hospital discharge: the group with occluded and
the group with patent IRA. It demonstrated myocardial texture changes in
the infarct zone in pts with occluded IRA, whereas no difference between
infarcted and normal tissue was detected in pts with successful reperfusion.
These data indicate that the program may help in prediction of successful
reperfusion in the early post-infarction period.
1950-931
Marco Masseroli, Robert M. Cothren, E. Murat Tuzcu. Dominique S. Meier. James
D. Thomas, Stephen E. Nissen, J. Fredrick Cornhll!. Cleveland Clinic Foundation,
Cleveland, OH
The potential for intravascular ultrasound (IVUSI to evaluate arterial patholo-
gies and to suggest invasive techniques thus far has been limited by its quali-
tative and subjective evaluation. The purpose of this study is to develop tools
to automatically identify and objectively quantify the calcifications present in
IVUS images of human coronaries.
Human coronary arteries were dissected from explanted hearts within one
hour of transplantation and perfused with saline at physiological pressure.
IVUS images were acquired using an HP Sonos 100 system and a 3.5 Fmono-
rail 30 MHZ catheter. A controlled pullback was recorded on SVHS videotape
and images digitized every 250 Il-m. Texture analysis, consisting of the con-
volution with several different Laws' matrices followed by texture "energy"
extraction and nearest neighbor classification, was used to segment each im-
age into high- and low-information regions. The regions of low-information
content corresponded to shadows behind echo-dense features such as cal-
cium. Calcifications were identified as sectors of radially thin texture regions
that correlate with bright areas in the intensity image function. Angular per-
centage of vessel cross section with calcifications and angular localization
of calcifications were compared with manual tracing in a set of 230 images
from patients with different pathologies. The comparison showed a good
correlation: Percentage correct: 86%, SensitiVity: 79%, Specificity: 89%. No
preferential angular calcification localization were observed.
Cone/usion: The results show that this is an objective method to clearly
detect and quantify calcifications in IVUS images.
Intravascular ultrasound displays coronary arteries in independent cross-
sectional images with no axial information. Three-dimensional reconstruc-
tion is mandatory, but cardiac cycle linked vessel motions and torsions of
the arteries do not allow to apply simple devices that are used for peripheral
vessels.
Methods and results: We used a 2.9 F 30 MHz intravascular imaging sys-
tem in combination with a motorized catheter pullback device. ECG and res-
piration triggering was performed and cubic datasets were acquired with a
time resolution of 25 frames/so Axial increments were set at 0.1 mm over a
distance along the vessels of 25 to 35 mm. After processing the original reg-
istrations, three-dimensional real-time images could be created in any plane
through the dataset. 25 patients with coronary artery disease were inves-
tigated before and after therapeutic interventions including Palmaz-Schatz
stents (n = 6), laser angioplasty (n = 5), directional atherectomy (n = 41,
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were found to result in a variability below 5% in parameters measured di-
rectly from the average waveform, and up to 10% in those obtained from
the time derivative. Subsequently, the feasibility of an automated version of
the algorithm, based on objective operator independent criteria, was evalu-
ated, and parameters obtained were found to be in excellent agreement with
those obtained using manual approach. In summary, this algorithm provides
a fast. easy and objective method for noise reduction in acoustic quantifica-
tion signals. This algorithm may improve the on-line noninvasive assessment
of systolic and diastolic LV function.
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1741-1 1 Clinical Experience with Heparin-Coated Stents -
The Benestent II Pilot Phase 1
H~kan Emanuelsson, Patrick W. Serruys, Jorge Belardi, Hans Bonnier,
Antonio Colombo, Jean Fajadet, Jean-Jacques Goy, Guy Heyndrickx, Peter de
Jaegere, Victor Legrand, Cadas Macaya, Pierre Materne, Wolfgang Rutsch,
Ulrich Sigwart, Harry Suryapranata, enestent Study Group. Division of Cardiology,
Sahlgrenska Hospital, G6teborg, Sweden; Thoraxcenter, Erasmus Univ. Rotterdam, The
Netherlands
Krzysztof P. Wr6blewski, Zhi Yun Tian. Children's Hospital ofPhiladelphia,
Philadelphia, PA
Congenital heart disease (CHD) is the most common congenital malforma-
tion with an incidence rate of 0.7%. Many pregnant woman (in some coun-
tries all) are offered an ultrasound scan at around 18 weeks of pregnancy.
The scan incorporates a detailed anatomical survey of the fetus and if in-
cludes at least a four chamber view, it is an excellent opportunity to detect
congenital heart defects. Therefore a Windows based multimedia computer
program for the instruction of Fetal Echo for ultrasound technologists, stu-
dents. residents, fellows and primary care physicians has been developed.
The application includes a step by step tutorial to instruct the user in reading
Fetal Echo data, a browsing library of definitions of CHD's, graphics images
and digitized echocardiograms, and the Expert System for automatic diagno-
sis. The pictures, images and descriptions are linked to a database and can
be viewed by searching for the defect name or symptoms. This provides a
powerful instructional tool in this very difficult area of medical education.
The minimum hardware requirements to run this program are: IBMIPC or
compatible computer running MS Windows version 3.1 with 80386SX pro-
cessor,4 MB RAM, 30 MB free disk space, multimedia with dual speed CD
ROM, and a VGA card capable to display at least 256 colors.
Steven Georgeson. Somerset Medical Center, Somerville, NJ
The differentiation between atrioventricular reciprocating tachycardia via an
accessory pathway (AVRT). AV nodal reentrant tachycardia (AVNRT) and atrial
tachycardia (AT) in paroxysmal supraventricular tachycardia may be helpful
in guiding pharmacologic therapy and in identifying patients for radiofre-
quency catheter ablation. To help in this differentiation, an expert system
was developed using a commercially-available expert system shell (EXSl'S).
A simplified version of this system was designed to run on a palm-top com-
puter. Both programs use the MS-DOS operating system. The expert system
is rule-based and assigns probability values to the goal states through the
process of backward chaining. The goal states for this expert system were
AVRT, AVNRT, and AT. The user is queried for the presence of various abnor-
malities on the presenting EKG (P wave location, ORS alternans, pseudo r
wave in lead V1, pseudo S wave in the inferior leads), comparison with pre-
vious EKG's (presence of pre-excitation) and the effect of vagal manueuvers
or adenosine infusion on the tachycardia. From published data, each abnor-
mality is assigned a probability based on the positive predictive value of the
abnormality for AVRT, AVNRT and AT. By combining the positive predictive
values, the expert system assigns a final probability for AVRT, AVNRT and AT.
This expert system may be useful as a diagnostic tool and a teaching aid
in the differentiation between AVRT, AVNRT and AT in paroxysmal supraven-
tricular tachycardia.
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Full Antiplatelet Therapy without Anticoagulation
After Coronary Stenting
The purpose of the Benestent II Pilot Phase was to explore the safety of
reducing antithrombotic therapy in conjunction with implantation of heparin-
coated stents. The study consists of three phases, where resumption of hep-
arin therapy after stent implantation was progressively delayed in a stepped
care approach.
Material and Methods. Palmaz-Schatz stents with heparin coating were
implanted in 51 patients (88% male) with stable angina pectoris. Heparin
treatment was withheld 6 hours following removal of the sheath introducer
from the femoral artery. The mean age was 59 years, 10% had a previous
myocardial infarction, diabetes was prevalent in 8%, hypertension in 24%
and 59% were current or previous smokers. Target lesion was located in
the left anterior descending artery in 51 %, left circumflex in 8% and right
coronary artery in 41 %. TIM I flow I-II was present in 14% and TIMIIlI in 86%.
The mean pre-procedural minimal lumen diameter (MLD) was 1.10 mm and
reference diameter 3.16 mm.
Results. Stent implantation was successful in all patients and following the
procedure, mean MLD increased to 2.77 mm and percent diameter stenosis
was reduced from 65% to 19%. The maximum balloon size was 3.45 ± 0.40
mm. Post-stent dilatation was performed in 40 patients (80%). High pressure
(> 12 atm) was used in 22 of these cases (54%). Two patients needed a sec-
ond stent· one for an occlusive distal dissection and one for a distal lesion.
There we;e no major complications, i.e. death, myocardial infarction, urgent
CABG, re-PTCA or cerebrovascular accident. Peripheral vascular complica-
tions required vascular surgery in 3 patients (5.9%) and blood transfusion in
one (2%).
Conclusions. In this pilot study implantation of heparinized stents was as-
sociated with a 100% success rate, absence of serious complications and
a moderate incidence of vascular complications. Further reduction of an-
tithrombotic treatment may be feasible.
Jean-Marc Lablanche, Gilles Grollier, Nicolas Danchin, Jean-Louis Bonnet, Eric Van
Belle, Eugene Me Fadden, Michel E. Bertrand. Universib'esofUlle, Caen, Nancy and
Marseille, France
Subacute thrombosis remains a major limitation of coronary stenting. In addi-
tion, local complications related to the intensive anticoagulation that is com-
monly employed are frequent.
We prospectively studied a regime of intensive antiplatelet therapy (as-
pirin 200 mg daily begun before percutaneous transluminal coronary angio-
plasty, ticlodipine 500 mg daily for 3 months begun just after angioplasty)
with periprocedural dextran infusion continued for a period at the discretion
of the local investigator. To date, 98 patients (85 men, 13 women) undergo-
ing 102 procedures involving 125 stents have been enrolled; 71 patients had
one stent implanted; 19 patients had 2 stents implanted, and 2 patients had
3 stents implanted. Symptoms before coronary angioplasty included effort
angina (23%), angina at rest (6%), unstable angina (23%), recent myocardial
infarction (27%). The indications for stent implantation were occlusive dis-
section 36%, dissection without occlusion 32%, suboptimal result or elec-
tive implantation 32%. The stented site was the LAD (37%). RCA (35%). LCx
(17%), and vein graft (11 %). Stent types were Wiktor (70%), Palmaz-Schatz
(23%). Gianturco-Roubin (7%). The diameter of the stents implanted was 2.5
mm (2%), 3.0 mm (32%), 3.5 mm (44%), and 4.0 mm (22%). There were 2
deaths; 1 patient died from cardiogenic shock that was present before stent
implantation 1 patient commited suicide; 4 patients developed q-wave AMI,
1 was already complete at the time of stent implant. 3 occurred In the hours
after stent implant for occlusive dissection; 8 patients had non-O AMI; 3 pa-
tients had CABG, 1 at 5 hours post stent for reocclusion (non-O wave AMI).
2 were performed electively without sequelae for an unsatisfactory angio-
graphic result but without ongoing ischemia. Blood transfusion for peripro-
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